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SPECIFICATION 

Manufacture of a microsensor device and a method for evaluating the 
function of a liquid by the use thereof 

The field of the Invention 

This invention relates to a device for detecting a trace amount 
of substance, particularly to a material recognizing device for 
detecting a bio-molecular or other organic material or the like with 
a high sensitivity and on a real time basis. 

Related Art 

/A^ltiqsensor system as a means to monitor a biological function 
instantaneously has been intensively studied and developed for 
practical applications heretofore. The basic composition of a 
biosensor consists of a section for detecting a biological substance 
and a section for transducing a signal. A biological substance is 
complexed with the recognizing component of the biosensor, and ensures 
an ability to detect a biV-molecule, while the signal transducing 
section transduces a changA obtained through the detection of a 
biological, substance into an^lectric signal. There are many kinds 
of biological substances whichXcan be detected on the basis of their 
molecular properties, and they Include enzymes, antibodies, binding 
proteins, lectin, receptors, etc\ What comes first includes 
biological substances that have a trolecule recognizing ability and/or 
catalyzing function. They include enzymes , complex enzyme systems, 
intracellular organelles, microorganisms, animal cells ^ plant cells, 
etc. The catalytic activity of theseXsubstances depend on the 
•Structure characteristic with enzymes, anoycan be approximated, in its 
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essence /S:^ the kinetic equation by Michaelis and Menten. What comes 
next includeXsubstances that have a molecule recognizing function, 
and forms a stablescomplex through a biological affinity. They include 
antibodies, lectin,N^inding proteins, receptors, etc. The basic 
designing of a bio-sen^r proceeds with an attention paid to the above 
properties. With the reO^nt development of biotechnology, the range 
of biological substances available for the biosensor has been widened, 
and thus thermo-resistive enV^Res, monoclonal antibodies or the like 
come to be available. To convert^tfe^"3ata obtainea-<lirough molecule 
recognition into electric ai^alsV physical parameter c^i\*;erting 
elements such as electr^fchemical reac^>^ons, and an FET, thermistor, 
piezoelectric elemeniO surface elastic wavefel^ient, photodipd:fe, etc. 
ha ve beenNg til±g^. 

f Ho^eijer, the above-described conventional biosensor devices have 
technical probl^ems as described below. Firstly, the method for 
producing a thin f ilhif or molecular recognition includes methods based 
on photoresistance, el^rochemical polymerization, manufacture. of an 
LB film, etc. The method Biased on photoresistance consists of forming 
a pho tores is tant film on the\ntire surface of an ISFET (ion sensitive 
field effect transistor), expos^Lng only gate parts by lithography, and 
forming a highly affinitive mole^le recognizing film (organic film 
or biomolecular film) on a gate insulating film. Then, the 
photoresistant layer is peeled off t<\leave the molecule recognizing 
film bonded to gate parts, which serves as a sensor. With this method, 
however, it is difficult to neatly prepare minute dot electrodes on 
the molecule recognizing film , and thus the incompletely finished edge 
of dots results. A reduced yield occurs. Furtrn^, wasteUf materials 
occurs as a result of lithography. nameXy^ 99% of ph^o-set^ing resin 
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is dis^rded without being incorporated into actual products, that is, 
the method causes a wasteful consumption otf resources on earth, and 
"ontaminati6n of natural environments. Thus is a big problem. LB 
technique (Larj^ginuir-Blodgett ' s technique) rs a method whereby a 
mono-molecular Vilm is formed on the surfac4 of water, and the 
film is transferred onto the surface of a solid substrate, and for the 
method to be effedtive, it is necessary for tlie mono-molecular layer 
to have a structure comprising hydrophobic ard hydrophilic sections 
in a balanced state). This method, however, is problematic in that the 
quality of LB film Produced thereby is unsatisfactory in reliability: 
the film has immeasprable flaws or pores ther;feupon, and does not allow 
the formation of ah uniform molecular filn(. Accordingly, with the 
product manufactured by this method, it As difficult to distinguish 
a change detected bAa molecule recogni^ng film formed on an electrode 
from a local change ofvJ:he eieetfode. 

Furthermore, the sensor film prepared by these methods is a 
molecule recognizing film composed of one kind of molecule, which 
recognizes only one kind of biological substance to which the film is 
sensitive. Still further, it is impossible with these methods to apply 
different biological substances simultaneously to a plurality of 
electrodes. Thus, they are problematic in operability and detection 
efficiency. 

With a view to cope with above-described inconveniences, this 
invention aims at introducing, a method for producing a molecule 
recognizing film distinct from the conventional ones, and further to 
introduce a method being different, in the manner of detecting 
biological substances, from the conventional ones. 
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Namely^ the first object of this invention is to provide a method 
for forming, di!s±inct from conventional methods, a molecule 
recognizing film, ut^iform and high in quality on a sensor electrode 
efficiently and in a sivort time. Further, the second object of this 
invention is to provide \ method for forming a plurality of minute 
sensor electrode dots by said new method for preparing a molecule 
recognizing film, and for accurately applyinga great number of 
biological samples to be evaluated^nto said plupal minute sensor 
electrode dots in a short time and efficiently* 



Brief description of the Invention 

A&c;ording to this invention, with a sensor de^ic^ comprising 
organic tlmi films formed on an arbitrarily chosen electrode board 
circuit and electrodes, and a transducing element to transduce 
information obtained by the organic thin films^^to electric signals, 
provided is a methoa^f or producing the sga^or device vmerein a solution 
of a material of theVhin film is. accurately printed via an ink- jet 
nozzle as micro-dots onto the required surface at microelectrodes so 
that the organic thin fims are formed on tlj^s electrodes, thereby 
realizing highly dense micro^l^ectrodes . 

Acc?)r<iing to this invention, provided is the ^nsor device as 
.escribed in clam>-wjierein the soluti^n-^f'^material of the thin 
film comprises an electr^^^eoifSuctive polymer dissolved in a solvent, 
to this invention, providea^ is thp sensor device as 
described in claim T's*jherein the solut ion of a material of the thin 
film as described in claiiaJ>st3^rises a solution o^a silicone-based 
surface modifying agent, or a mixtu^e^ hereof with^a solvent. 
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Accb2;ding to this invention, provided is the sensor device as 
escribed in cli^ 1 wherein thegjerlution^f a material of the thin 
film as described ih\claini>^omprises a milxture resulting from 
dissolution of atijicJlcoiRMund in a solvent/, and gold thin films are 
formed^ 

X&sQTding to this invention, with said sensor device, provided 
is a method fore\3^aljiating a trace amount of liquid wherein a sblution 
of a sample substance to b^^^s^xjsed is ejected into air as^icro-dots 
via an ink- jet nozzle to fall on the su^face^of orqsjai<5"thin films of 
microelectrodes so that the subst^ce is submitted to evaluation, 

to this invention, with said sensor device, provided 
is a metho^a^or evaluating a trace amount of liquid wherein^e solution 
r liquid substahe^to be sensed and ejec^/M into air as mispro-dots 
via the ink- jet nozzle as'^^^^scribed iij/tla^ 5 comprises a |>rotein, 
DNA, antibo dy, receptor, lectAB g:gg^iS^=»ffialecule from an anima^ or plant 
cell, or' a pfjj^alologically active substance, or irrr*agaeous solution 
_„ 

Accoratrr^-te^ this invention, provided are Uie^ensSi^evice and 
the method for evaluating"ttie--^ijnction ofx« liquid wherein^the 
electrode or electri<fr circuit jbtr'formedoyr^a-i^l 

ibcM-ding to this invention, provided are the sjsasQr device and 
the method fo^^-^ej^aluating the function of a IdCquid based on the use 
f the sensoi;/'aevi&^ wherei3r"-felie,..gl^p*rfi^ circuitJrS''^^ composed of 



poly-silicon tli Th tJ jgtTtransistors, 



Brief Description of the Drawings 
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■iiow a rumrfcioa^l solution 
this invention iased"^ the use 



3 gives a diagram to illustrate how a plurality of functional 
solution saJttplesare analyzed in a short perpefQ on electro-c^mductive 
polymer ele^cju^o^ by^tftM^^ afthis inv enfeAorrbased on the use 
o f ""affTsrie-o et - 

block diagram to illustratejth^^'principle^nderlying 
the as^av^-method dt^Rfe-^mici^s^ns^ of^this ipveBtion. 

Fig>^^ves an electronic circuit to colle^tr^ata for analysis 
using A-Tf»4.i=u= Q&^nRnr^7rP^^^ ^ in i n i i i luh 

t data fo;?' analysis 
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Tlectrodes of a 



using another microsensor 
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various detection 
microsensor devlb^-^o3Ey this inven 

Description of the Embodiment 

Thesftaiieat^embodiment 
invention will be"Uesir^£ibed below 

1, 2, 3, 4, 5 and 6 give parts of interest ^to_^llustrate 
the structure of a"^nsor device embodying the pr/eSent inventioii. Fig. 
1 gives a schematic view'^^af an ink- jet head / 10 stands for a^ ink- 
jet head; 11 for a head nozzle lC©r ejecting ink droplets; 17 for an 
electro-conductive polyri)^ applied on^tlfe^^^^rfa ce,^ ai^ e],£i^rode ; 13 
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^?5r^^E^microelectrodes; and 14 for supp^fiS^nk] droplets ejected via 
the ink-je^Ni^ozzle. The ink- jet hJbad is driveJ by a piezo-electric 
element activating^rno^ whereby, when an electric signal is delivered 
from a driving circui^^Jo^-fe^^^ ilement, the piezo- 

electric element i/deformed; a'r^g^i^wit^ is pushed out by the 
deforming prftssiugef and the liqui<^^is-^€3ecte3^^^^ 

In this case, the solution of an electro-conductive polymer is 
ejected via the ink- jet nozzle as micro-dots, and the dots of polymer 
solution in suspension are allowed to accurately reach the patterned 
microelectrodes to rest there. The usable electro-conductive polymer, 
for example, includes polypyrrol, polymethylpyrrol , polythiophene, 
polymethylthiophene, polyaniline, polyphenylene vinylene, or the 
like. Preparation of the solution of an electro-conductive polymer 
requires more or less modifications according to the property of the 
polymer, because some polymers dissolve in organic solvents while 
others do not. For an example take polypyrrol as the polymer of 
illustration. A THF (tetrahydrofuran) solution of 0.30mmol pyrrol, 
and another THF solution containing 0.25mmol phosphor monobutanate as 
a catalyst and 30mg of plastisizer are introduced into respective 
ink-jet tanks by nitrogen purge, and these solutions are ejected onto 
microelectrodes. Dots composed of two different kinds of solutions 
are mixed on an electrode to form a mixture there; the mixture is 
allowed to rest at room temperature for one hour to vaporize the 
solvent; and a solidified polymer thin film is formed there. Then, 
the surface of thin membrane is washed with THF or methanol; and 
residual solvent and unreacted monomers are removed. An electro- 
conductive polymer soluble in the organic solvent is dissolved in an 
organic solvent to a concentration at which the solution has a 
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Viscosity of 3cps or less, is then introduced in an ink- jet tank to 
be ejected. To confer a selective absorbing activity to the 
electro*conductive polymer, material including a specific type of 
enzyme molecule or antibody chemically bound to the polymer, 
5 artificially synthesized molecule having similar recognizing function 
to them, or material that a special type of enzyme molecule or antibody 
is mixed into the electro-conductive polymer, are either dissolved in 
the solution to give a homogenous solution. Micro dots of various kinds 
of electro-conductive polymers resulting from polymer/enzyme or 

10 polymer /antibody mixtures are ejected via ink- jet nozzles to be 
printed; the solvent is allowed to vaporize; and a biosensor film 
results which carries an immeasurable number of sensor dots . Changes 
in the electric impedance of, or in the electric current through 
individual microelectrodes covered with respective electro- 

15 conductive polymers differ from each other according to the effects 
exerted by films resulting from agglutination of bio-molecules such 
as binding proteins, antibodies, DMAs, receptors, etc, adsorbed to the 
surface, and thus to find what substance is on a given electrode dot 
is easy. Fig. 2 gives a schematic view of the ink- jet to eject the 

20 sample solution onto the surface of individual microelectrodes: 21 
stands for the ink- jet head; 22 for nozzles; 23: for microelectrodes; 
24 for sample solution; and 25 for suspended droplets of sample 
solution. In the same manner by which the first molecule recognizing 
films were formed on the electrodes, iaicro-dots comprising the sample 

25 solution were ejected via the ink- jet nozzle into air and printed on 
the molecule recognizing films made of an electro-conductive polymer. 
By virtue of the biomolecular filih thus formed on the electro- 
conductive polymer, changes in electric impedance or in minute 
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electric current through individual electrodes are detected, which 
allows a quick evaluation/analysis of a huge number of samples 

For example, production of a patterned array of microelectrodes 
is possible by ejecting a plurality of electro-conductive polymer 
solutions via a multi-line head nozzle into air, and thereby forming, 
for example, ten different kinds of sensor dots each comprising several 
hundreds line dots. 

Fig. 3 is a diagram to illustrate how plural lines of dots 
comprising different electro-conductive polymers are formed on the 
surface of a substrate like the one as used for the semiconductor 
circuit board, to form a two-dimensional sensor, and how biological 
sample dots are formed thereupon to be stabilized there. Assume, as 
shown in the figure, in a crosswise direction, five different 
electro-conductive polymers are placed one after another five times 
in repetition to produce 25 dots in total. These unit arrays are placed 
in the same manner repetitively in the lengthwise direction to produce 
a panel of 25 unit arrays which occupies practically the entire surface 
of substrate. Upon this unit array of microelectrode sensor dots, this 
time, five different kinds of biological samples are ejected via the 
ink- jet nozzle in the crosswise direction one after another five times 
in repetition until 25 micro-dots are suspended in air to fall onto 
respective electrodes. Then, by monitoring changes in the adsorption 
of biological material to the electrode, it is possible to 
assay/evaluate the biochemical characteristics and responsiveness of 
respective biological samples quickly on a real time basis, and 
repeatedly and simultaneously. In this particular example, for each 
of 25 different combinations, data comprising 25 measurements can be 
obtained. As another example, let's assume a case where an array of 
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micro-dot electrodes comprising ten different kinds of electro- 
conductive polymers is prepared, and ten different kinds of biological 
samples are prepared so that they correspond with these dot electrodes. 
Then, sijnultaneous measurements based on 100 different combinations 
become possible* Assume that this forms a unit array, and that the 
unit arrays are repeated five times to form the same panel as above- 
Thenr it is possible to obtain 25 times repeated measurements for each 
of 100 different combinations 

TKfea, the assay dependent on the use of a ^ensor dAvice array 
io produced in thf manner as described above will tfa describe. Fig, 4 
gives a simple block diagram of a circuit responsible fori the assay 
dependent on the useV^f a resistor sensor arr^. Principal/ functions 
depicted in the figureNare roughly repr^s^ted by a resistor sensor 



multiplex section, si< 
15 recognizing section 
consists of picking 
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al processing circuit section and pattern 
Namely, the function depicted iiy this figure 
sigr^al from a single channel /ut of the 
multi-qbafmei i*5sistors, and\r>rocessing and recogirizing it. 
Accordingly, it is firstly imporrafi ^jto acs iagertely detect a change in 
nee. 

md most accurate way of determiMlig a resistance 
includes various bii4ge methods, but these raethjz^as are not suitable 
for measuring a change iri^resistance. An alt^afnative method includes 

resistance to frequency cohversion. Tj^ls method, however, is 
disadvantageous in that it is ao^ompanfied by noises, and requires a 
25 rather long time for measurement^x^ one general method for detecting 
a change in resistance^^^,>a-'i5lrcuit working on a voltage mode as shown 
in Fig* 5 has be^irlcnown. In this circuit, Xspecif io-tyne of resistance 
sensor is $^osen; a constant current is f loW^^/thropgh it; and the 
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voltage across the sensor is monitored • Then, as the voltage varies 
in proportion to the resistance, it is possible to detect a change in 
resistance by following a change in voltage. To determine changes in 
resistance it is advisable to subtract the voltage given as a base to 
5 the sensor by means of a differential amplifier, and then to amplify 
the differential signal with a high-gain amplifier • The sensitivity 
of the circuit depicted in Fig* 5 is proportional to the gain of 
amplifier, and is given by the following equation: 
Vo = A (IsR3-Vo«), 
10 where (bV^/bR^) = Alg. 

ArT'^al^rnativte method Bv which to detect a cbfenge in resis\ance 
includes a>metm^ working on a current mode/ Fig, 6 gives a oircuit 
xagram of the m^hbd. In this figure / a gonstant voltage is a5>plied 
to a resistor sensoKchoseh^tpr this pilose* To measure a chafnge in 
resistance, a constant durrerft supJ^14;ed from a source is flowedAhrough 
the sensor as an offset cuisient; differfeiKres in current are removed 
as a signal; and thesJjjH^ is\amplif ied. TJ^ sensitiv^xy of the 
circuit is proportional to the curbaqt gain of amplifier and to the 
resistance of sensor. 

20 lo = A(I,,,-V^) 

where 

(6I0/6R,) =^5/^3' = Als/Hs 

This type of current detection metHbd commands aTrigher^ degree of 
freedom/^an does the voltage detectionyethod, and thus simplifies 
25 the^^^^hfi^u^n^'-pT^^^& sAiiq of signals ,. 

Abov^^*d^cribed semiconductor circuits are irguaTtjKvConstituted 
field effect traffeigtors (FET) arranged on y& monocrysj^l silicon 
substrate* However, because Xn-cjesent year$^he_£ianetion of thin film 
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transistors (TFT) formed on a polycryst^l sil^t^imi (P-Si) film has made 
a notable pr>>^ress, it becomes possiblt to prepare this type of circuit 
using polycryst^i. Si thin film transit tors (P-Si TFtK The P-Si TFT 
has advanced so muclv^at its^^&nlction is essentially j equal to that 
5 of monocrystal FET. Ftfrtt^ar, introduction of the method enabling the 
manufacture of polys iltcon at a^low temperature allows the use of a 
spacious glass substraj>e. This brings"^^rtR3a€a great cost-reduction 
and a method thatsis suitable for the production of sensor devices like 
the one of this^nvention* 
10 TFT microelectrodes can be formed not only on a glass substrate 

but on a thin plastic substrate having a softness and flexibility • 
The TFT microelectrodes formed on such substrate can recognize 
or act upon not only liquid samples, but various gas molecules and 
volatile substances* Namely, individual volatile molecules are 
15 adsorbed to the surface of electro-conductive polymers; the electric 
resistance of electro-conductive films changes in association; and the 
change is transformed into an electric signal for detection. For 
example, the sensor device can be used for the recognition of ethanol, 
acetone, harmful gases such as chlorine gas, cyanide gas, etc., or 
20 vapours of aromatic molecules including perfumes and other odourants. 
To be precise, this sensor device in film is left in an atmosphere 
comprising a gas or vapour; the adsorbed gas molecule penetrates 
through the surface of electro-conductive polymer into its interior; 
and the entire polymer film changes its volume and/or other property 
25 after undergoing expansions /contractions to cause changes in electric 
resistance of the f ilm* These changes are transformed into electric 
signals for detection, and fed into a computer, and the information 
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Obtained through recognition thereof is available for a quick 
feedback. 

§fe5(eral sensor arrays consisting of field ef feJt TFt\ could be 
used for th^issimultaneous identification, classif icallion and 
quantification \Df odours or other molecules • These iensors Aould be 
used in conjuncti>^n with other sensors to detect ctitemicals. The TFT 
sensors could be iniiegrated onto a single device./ Different 
electro-conductive polwcners are placed upon the/gates of thd TFT 
sensors using ink-jet technology, in anothej?^odification thu array 
of TFTs could be constructe\in a pa tt^MT^o produce a two^dimeijsional 
map of the odour respons^^^-TfieNoutput from each TFT would then resemble 
the output from a/^xel of a CCD is^amera^ Different conducting pilymers 
could be depo/ited onto dif ferent\regions of the array to pdbduce a 
device which (was specific to a grou\or class of chemicals/ e.g. 
aromatics. Whpn the molecules bind to react with the pc^ymer a 
two-cUmsftslonal map corresponding to the p^i;Jicular odoij/s will 
appejir • 

The TFT chip should include driving and reading electronics. 
The information of the odour molecule could be read directly or 
processed using for example neural networks or classical image 
processing techniques to identify the odour molecules high 
sensitively* The density and information of a special type of molecular 
composition of different odours could thus be obtained. 

Fig. 7 is a diagram illustrating how sensor thin films possessed 
of various detection functions are prepared on the microelectrodes 
formed on a sensor thin film: 71 stands for an electro-conductive 
polymer film; and 72 for electrodes A and B. The size of each 
microelectrode is preferably in the range of 1-lOOpm. The sensor is 
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Stabilized on the polymer solution electrode which has been ejected 
via an ink-jet nozzle, and converted to a thin film. A bio-molecule 
or the like is adsorbed to the surface of this electro-conductive 
polymer film; and a change in resistance or in current generated as 
5 a result of the adsorption is monitored by the above-described 
detection method. 

Alternatively, a silicon-based, functional, surface modifying 
solution is ejected via an ink- jet nozzle to be applied onto the surface 
of a raicroelectrode, to form a silicone-based, functional molecular 
10 film there; a bio-molecule is chemically adsorbed to that film to cause 
thereby electrons within to move towards the surface of electrode; and 
therewith it is possible to selectively detect the substance adsorbed 
to the electrode surface. By the use of a device with basically the 
same in composition with that as depicted in Fig, 7, that is, a device 
15 wherein a silicon-based, functional molecular film is formed on an 
electrode, and an electron-mobile protein molecule such as cytochrome 
C is bound or adsorbed to that film, it is possible to monitor the 
adsorption of protein to the surface of electrode by following minute 
current changes resulting from electron transfer from the protein. 

;t is possible to plate a gold thir/ fxha onto the surface of 
a microelectro^s^uch that a thiol molecule^mrf^ld interact with each 
other to form a sel^rganizing agglutini(tioV which results in the 

ormation of a functional, monolayer/rilra. This functional group 
projecting from the surf ace\of thiol: monolayer whiih has been generated 
25 as a result of self -assemblyyon /the gold thin film plated on the 
microelectrode has a function jbo selectively recognize a specific 
bio-molecule or a volatile mj^eculeV For example,! as the functional 
group projecting from the thiol molecule>vgbi^ti^ may be 
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us^^\A biotin molecule has a strong bindbig^^^^vity towards a ' 
specif i^;;^j^ding site of avidin or streptavidinX^ndNits binding 
constant Is al^i\t>s^O . This is practically the same as that\ncountered 
in a covalent bonoK To^^t^jis bioti^n molecule film is^^tranaif erred, for 
example, a solution c^ivavidbi^erritin binding protein vik an ink- 
jet nozzle. Then, avidin ar^^Mx>tT^^^ adsorbed; and the 
ferritin protein molecule is sli^bii^^ed electrod^. The thus 
selectively adsorbed molecule causes'^wchange^n refparctive index of 
the entire molecular film, and that change is cap^u^^ as a change in 
dielectric constant of th^ aclsofJ5±ng-m6lecular film • Namely , it is 
possible to convert the raic^s^lectrode into a pdlarjized tMjin 
film{capacit03=4.r.,j£hd^ sensor • 




ivantagev 

Ac^r^ding to this invention, provided is a metho d by which, in 
contrast wl^fcl^ conventional ones, a mplecule recognizing film is 
efficiently and inXshort period fonted on a microsensor in a uniform 
and high quality manner. Further, acpording to this invention, 
provided is a m^hod by whictute-^curately introduce a vast number 
of biological ^a^lbQS to be evaluated in a short period and efficiently 
to plural, miYiute senso^^-^ectrode dots which have been prepared 
according t^^aid method for th^^rmation of a molecule recognizing 
fils 



